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OmasalandDuodenalNutrientFlowinSteers.
KellyK.Krelkemeler,GaryP.Rupp,andLouisJ. Perino'
Introduction
Feedstuffsare degradedin the rumen,providingenergy
and nutrientsfor microbialgrowth. Volatilefattyacidspro-
ducedduringthis process are absorbedand usedas an
energysourceby the animal. The bacteriathatare pro-
ducedandunfermentedfeedresidueflowoutof therumen
tothesmallintestinewherefurtherdigestionandabsorption
occurs. Of thetotalproteinflowingtothesmallintestine,50
to 90% is microbial protein. It is of high quality, well
digestedandwellusedbytheanimal.
Currently,estimatesof the amountof microbialprotein
synthesizedin the rumenvaryconsiderably. We do not
understandwhatportionofthisvariationcanbeattributedto
nutritionalfactorssuch as feedintake,forageversusgrain,
animaldifferences,etc. Becausethe aminoacid profileof
dietaryingredientsand ruminalmicrofloradiffer,knowing
whatinfluencestheamountand proportionof eachflowing
to thelowergutis veryimportantif we are goingto extend
ourunderstandingofproteinutilizationincattle.
The amountof microbialproteinflowing to the small
intestinein cattleis measuredin the followingmanner: 1)
cattleare surgicallyfittedwitha ruminalandduodenalcan-
nula for digestasampling;2) After a dietaryadjustment
period,ruminalbacteriaare harvestedandduodenal(ante-
riorsmallintestine)digestais sampled;3) Laboratoryanaly-
ses areconductedandtheamountof microbialproteinflow-
ingat theduodenumis determined.Dietaryproteinflowat
the small intestineis calculatedas the differencebetween
totalproteinflowandmicrobialproteinflow.
This approachhasbeenusedby researchersfor several
years, but it may have limitations. First, it is unableto
accountfor endogenousnitrogenflowingat theduodenum,
due to eithersloughedcells or abomasalsecretions.Any
endogenousnitrogenwouldoverestimatetheflowofdietary
protein. Secondly,it is assumedthata sampleof bacteria
obtainedfromthe rumenrepresentsbacteriaflowingoutof
the rumen. If thisassumptionis notcorrect,thenouresti-
mateon theamountof microbialproteinflowingat theduo-
denumis notcorrect.
The potentiallimitationsin researchtechniquesmight
accountfor the largevariationin the amountof microbial
proteinsynthesized.Theselimitationsmightbeovercomeif
a differentcannulationtechniquewere employedso we
could sampledigestaflowingout of the rumen. To our
knowledge,thisapproachhas beenused in sheepby four
differentinvestigatorswithlimitedsuccess. Buildingon the
reportedlimitationsof theseeffortsin sheep,we wantedto
conducta similarsurgicalpreparationincattle.We hadtwo
objectives,1)determineif nitrogenflowingoutof therumen
differedfromnitrogenflowat the duodenum,and2) deter-
mineif the compositionof bacteriain the rumendiffered
frombacteriaflowingoutoftherumen.
Procedures
Sixsteers(649pounds)weresurgicallyfittedwithdigesta
samplingcannulaein the rumenomaso-abomasalorifice,
abomasum, and duodenum. A flexible nylon sleeve,
locatedin the abomasumandattachedto theomasalcan-
'Kreikemeier is a research animal scientist, Nutrition Research Unit,
MARC; Rupp is director,Universityof NebraskaGreat Plains Veterinary
Educational Center; Perino is a veterinarian, University of Nebraska
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nula, was exteriorizedvia the abomasalcannuladuring
digestacollection.The locationof cannulasallowedus to
collect digesta in the rumen,digesta flowingout of the
rumen,anddigestaflowingintothesmallintestine.
Based on generalappearance,bodytemperature,and
feedconsumption,steersrecoveredfromsurgeryinthreeor
fourdays. At thistime,theyweretransportedto themetab-
olismbarnandplacedinstalls(3.5ftby7 ft)containingrub-
ber floormats. Steerswereturnedoutsidein a dirtlotfor
exercise2 hr perdayat leastthreedaysperweek. Steers
werefedwithautomaticfeedersso thattheywereoffereda
portionoffeedevery2 hours.
Three experimentswereconducted(Table 1): 1) 95%
concentratefed at maintenance(2760g organic matter
(OM)/day), 2) 95% concentratefed ad libitum(3484 g
OM/day),and 3) lowqualitybromehay baseddietfed ad
libitum(2927g OM/day). For eachexperiment,steerswere
fedthedietat least14days. Omasalandduodenaldigesta
werethencollected(200ml)threetimesdailyforthreecon-
secutive days. Ruminal digesta was also collected.
Bacteriawere harvestedfromruminalandomasaldigesta
andlaboratoryanalyseswereconducted.
Results and Discussion
Organicmatterflow(Table2) at theomasumwas similar
to organicmatterflow at the duodenumin Experiments1
and2 andslightlyhigherinExperiment3. Statisticallythese
valueswerenotdifferent.Fluidflowwas29to40 Ibgreater
at theduodenumthanat theomasum. Ourduodenalcan-
nulawas 4 to 6 inchdistalto the pylorusandour sampling
techniqueassuredthatno digestabackflownorpancreatic
secretionswerecollected.Therefore,thegreaterfluidflow-
ing at the duodenumprobablyoriginatedfromabomasal
fluidsecretions.
Total volatilefattyacid flow (VFA) was muchgreaterat
the omasumthanat the duodenum,indicatinga significant
absorptionof VFA across the abomasum. The amount
absorbedacross the abomasumvariedfrom370 to 570
mmol/dayandthisrepresentsapproximately5% of ruminal
VFA production.Volatilefattyacidconcentrationwas very
low(about5 mM)attheduodenum,whichis consistentwith
reportsthatalmostall (greaterthan95%) of the VFA pro-
ducedruminallyare absorbedbeforereachingthe duode-
num.
Purineflowattheduodenumwas higherthanpurineflow
at the omasum in Experiments 1 and 3, but lower in
Experiment2. Purinesare commonlyusedas a microbial
markerto measuremicrobialproteinflowtothesmallintes-
tine. If purineflowat theduodenumhadbeenconsistently
higherthanpurineflowat theomasum,thenmicrobialpro-
teinflowwouldhavebeenoverestimated.
Nitrogenflowat theduodenumwas verysimilarto nitro-
genflowat the omasumin Experiments1 and 2, andonly
slightlyhigherin Experiment3. Someearlierresearchsug-
gestedthattheabomasalmucosasecretesnitrogen,which
wouldcontributeto duodenalnitrogenflow. If thisoccurred
to any measurableextent,investigatorsusingduodenally
cannulatedcattlewouldoverestimatedietaryproteinescap-
ingruminalfermentation.Alpha-amino,urea,andammonia
nitrogenare soluble nitrogencomponents. Tallied, they
accountedfor less than5% of the totalnitrogen,and their
flowwassimilarattheomasumandduodenum.
In ordertodeterminetheamountof bacterialproteinin
duodenaldigesta,a representativesampleofruminalbacte-
riamustbeobtained.Theirmarkertonitrogenrationisthen
usedtocalculatetheproportionofduodenalnitrogenthatis
of microbialorigin.We harvestedbacteriafromruminal
digestaandfromomasaldigestato determineif their
markerto nitrogenratiodiffered(Table3). In all three
experiments,omasaldigestacontainedthreetofivetimes
morepurinesthanruminaldigesta.Thiswaslikelyduetoa
greaterenrichmentofbacteriainomasaldigesta.Thecom-
pletedietcontained0.10%purines;whereas,thebacteria
contained5to7%purines.
The amountof bacteriaharvestedperunitweightof
digestawashigherfromomasaldigesta,andthiswaslikely
duetothegreaterbacterialenrichmentofomasaldigesta.
Bacteriaharvestedfromomasaldigestacontainedmore
nitrogenandpurinesthanbacteriaharvestedfromruminal
digesta.Despitetheirchangingcomposition,thenitrogento
purineratiowassimilarbetweenbacteriaharvestedfrom
ruminaldigestandbacteriafromomasaldigesta.Because
theirnitrogentopurineratiowassimilar,thecalculatedpro-
portionofduodenalproteinflowattributedtobacterialpro-
teinwouldnotbeaffected.
Lowernitrogenandpurineconcentrationinruminallyhar-
vestedbacteriahasotherimplicationswithresearchtech-
niquesanddatainterpretation.Thedifferencebetweenthe
feedorganicmatterconsumedanddigestaorganicmatter
flowingattheduodenumis theamountoforganicmatter
thatapparentlydisappearedintherumen.Becauseduode-
naldigestacontainsbothundigestedfeedresidueandbac-
teria,correctingforthebacterialcomponentis requiredto
calculatetrueruminalorganicmatterdisappearance.In
theseexperiments,calculating"apparent"versus"true"
ruminalorganicmatterdisappearancewouldbeaffectedif-
ferentlyusingdatafromruminalor omasalbacteria.
Calculationsforefficiencyof microbialproteinsynthesis
wouldbeaffectedaswell.
In conclusion, 1) there wa~a net appearance of fluid and
disappearance of volatile fatty acids across theabomasum
in steers, 2) the technique of fitting cattle with ruminal and
duodenal cannulas to measure the amount of feed protein
and microbial protein flowing at the duodenum is not con-
founded by abomasal nitrogen or purine secretions, and 3)
composition of bacteria flowing out of the rumen differs from
bacteria in the rumen.
Table1-Dlet composition"
Ingredient
Percentage of diet dry matter
Exp. 1 and 2 Exp. 3
Rolled corn
Cane molasses
Brome hay
Limestone
Urea
Dicalcium phosphate
Salt
Potassium chloride
Sulfur
Vitamin ADE premixt'
Mineral oil
Trace mineralpremixc
Magnesium oxide
Rumensin-60d
Cromic oxide
85.69
5.00
5.00
1.47
1.39
.40
.30
.21
.09
.05
.05
.05
.03
.02
.25
o
5.0
92.11
.96
1.07
.11
.30
o
.02
.05
.05
.05
o
.02
.25
" Dietformulatedto contain13%protein,.7% calcium,.2% magnesium,.35%phos-
phorus,.7% potassium,.21%sulfur. Actualproteinin Exp. 3 was 9.5% becausethe
bromehaycontainedonly7.0%crudeprotein.
b Contains8,800,000IU VrtaminA, 880,000IU Vitamin0, and880IU VitaminE perkg
ofpremix.
c Contains 14% calcium,12% zinc, 8% manganese,10% iron, 1.5%copper, .2%
iodine,and.1% coba~.
d Addedsothedietcontained25ppmmonensin.
Table3-Effect ofsamplingsiteonthecompositionofharvestedbacteria
Exp.1 Exp.2
Item Rumen Omasum Rumen Omasum
Exp.3
Rumen Omasum
0.28
1.88
5.76
3.23
1.87
1.16
4.38
7.33
4.49
1.66
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Table2-Effect ofdlgestasamplingsiteonnutrientflow
Exp.1 Exp.2 Exp.3
Item Omasum Duodenum Omasum Duodenum Omasum Duodenum
Organicmatterflow,Ibid 1.67 1.53 3.33 3.21 2.83 3.42
Fluidflow,Ibid 34.1 65.3 71.5 111.1 84.7 113.9
VFAflow,mmol/d 589 212 932 359 1158 695
Purineflow,Ibid .038 .050 .073 .068 .032 .037
Nitrogenflow,Ibid .089 .089 .155 .157 .087 .097
a-amino-nitrogenflow,Ibid .002 .003 .002 .002 .002 .002
Urea-nitrogenflow,Ibid .001 .001 .001 0 .001 .001
Ammonia-nitrogenflow,lb/d .001 .001 .001 .001 .001 .001
Digestapurine,% 0.82 2.38 1.01 2.62
BacterialOMharvested,% 6.7 14.9 5.4 7.9
Bacterialnitrogen,% 7.31 8.56 6.73 8.43
Bacterialpurine,% 4.93 6.75 4.73 5.64
Nitrogen/purine 1.56 1.29 1.58 1.65
